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This invention relates to an electronic device 
for representing data, and particularly to a de 
Vice which is capable of high-speed operation in 
response to one or more electrical impulses. 
The electronic device of the invention may be 

used to represent any desired kind of data, which 
is transmitted thereto as electrical impulses. In 
the disclosed embodiment, the electronic device 
consists of a plurality of gaseous electron tubes, 
each tube representing a unit of data, and being 
arranged in a ring. The tubes of this ring are 
coupled in an endless series to be operated Se 
quentially in response to electrical impulses which 
may represent any desired kind of data to be 
transmitted thereto. The input impulses are 
impressed on all of the tubes of the ring simul 
taneously at a frequency the maximum of which 
is determined by the speed of operation of the 
ring, but are effective. Only on the tubes which 
have been "primed” or made ready for opera 
tion. The coupling of the tubes in the endless 
Operative series is effective to provide the neces 
sary priming of the tubes because, when one tube 
is conducting, the coupling will enable this tube 
to prime the next tube to be fired in the sequence 
and thus render that tube responsive to the next 
impulse. 

Since the tubes making up the ring are gas 
eous electron tubes, they will continue to conduct 
once they are fired and are conducting, and, in 
Order that the tubes of the ring may be operated 
Step by Step and over and over again in endless 
chain sequence, provision must be made to ex 
tinguish the tubes after they have been fired. 
Applicants have provided a novel control over 
the extinguishing of the tubes which will enable 
an extremely rapid operation of the device. 
One of the known methods of extinguishing 

the tubes is to couple the cathodes of the tubes 
of the ring together in such a manner that the 
potential change of the cathode of one tube, as 
that tube is fired and becomes conductive, is in 
pressed on the cathodes of all the other tubes 
and Will monentarily raise the potential of the 
cathode of any previously conducting tube to a 
value which exceeds the anode potential and 
Will cause that tube to cease conducting and be 
come extinguished. After the momentary 
change in potential has been impressed on the 
cathodes of the tubes, these cathodes are allowed 
to "recover' or resume their normal potential, 
at which time the tubes are ready to have an 
other input impulse impressed thereon. Thus, 
When all the cathodes of the tubes of a ring are 
affected by the firing of each tube, further input 
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impulses may not be impressed on the ring until 
the cathodes recover from the potential change 
impressed thereon by the firing of any other tube 
in the ring, and this limits the speed of Opera 
tion of the ring. 
In applicants' novel arrangement, the tubes 

are not coupled so that the extinguishing action 
resulting from the firing of a tube is impressed 
on all the other tubes of the ring, but the tubes 
of the ring are connected in groups, and, when 
any tube of a group is fired, it will affect only 
the tubes of its group and cause any conducting 
tubes of the group to be extinguished. By in 
cluding adjacent tubes in sequence in different 
groups of tubes, it is seen that a primed tube will 
not be affected by the extinguishing action of 
its preceding tube, and will not have to recover 
from this extinguishing action before it is ready 
to have an input impulse impressed thereon. 
Inasmuch as one tube in each group of tubes 

which are connected together Will be conduct 
ing, it follows that, in the operation of the ring, 
the number of tubes that Will be conducting at 
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any time will be equal to the number of groups 
into which the tubes of the ring have been 
divided. 
While applicants' novel control over the ex 

tinguishing action is shown in conjunction with 
the method of extinguishing the tubes by elec 
trostatically connecting the cathodes so that the 
potential rise of the cathode of one tube as it is 
fired can cause a previously conducting tube to 
be extinguished, it is not limited to use with this 
method, but is also applicable With other meth 
ods that may be used. The method shown in 
the United States patent application of Robert 
E. Mumma, Serial No. 395,995, which was filed on 
May 31, 1941, and which issued on June 4, 1946, 
as Patent No. 2,401,657, may be used, in which 
method the cathodes are isolated and the ex 
tinguishing action is brought about by having 
a resistor in the anode circuit, which, when a 
tube is fired, causes the anode potential of a 
previously conducting tube to drop below the 
potential of its cathode, thus extinguishing the 
previously conducting tube, and, when this 
method is used, the tubes may be grouped for 
mutual extinguishing action by interconnecting 
the anodes of the tubes constituting each group 
and connecting each group of anodes over a sepa 
rate resistOr to a Source of anode potential. This 
arrangement will also isolate the extinguishing 
action between the groups. 
The novel arrangement will probably be more 

clear if a concrete example is considered. 
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In the disclosed embodiment, which is illustra 
tive of One kind of data, which the device can 
represent, there are shown ten tubes arranged in 
a counting ring, each of the tubes in the ring 
representing one of the values '0' to '9' in a 
denominational order in the decimal notation. 
The tubes of the ring are interconnected in an 
endless chain for causing the tubes to be selec 
tively primed and to be operated sequentially one 
after another in response to electrical input in 
pulses impressed on all the tubes simultaneously. 
In the disclosed embodiment of the ring, the tubes 
are connected in five groups of two tubes each, 
as follows: the Cathodes of the '0' and the '5' 
tubes are connected together, as are the cathodes 
of the “1” and the “6” tubes, the cathodes of the 
'2' and the '7' tubes, the cathodes of the '3' and 
the '8' tubes, and the Cathodes of the '4' and 
the '9' tubes, and in each of the groups the fir 
ing of either tube will be effective through the 
cathode connection to extinguish the other tube 
of that group. With this arrangement, half of 
the tubes of the ring will be conducting at any 
instant. 
When the '0' tube is fired by an input impulse, 

it will cause the '5' tube to be extinguished, and, 
With the tubes connected in five groups as indi 
cated above, the “5” tube can recover during the 
time that impulses are effective to fire the “1,” 
"2,' '3,' and '4' tubes in succession. With this 
length of time to recover, the time between the 
firing of adjacent tubes is not limited by the re 
covery of any tube after the extinguishing opera 
tion, but is limited principally by the time coin 
stant of the grid input circuit for the tubes, and 
by the ionization time of the primed tube. The 
loSS in the input circuit of the primed tube can 
be partially overcome by causing the priming 
potential to overshoot by means of a priming 
Capacitor. 
Therefore, with applicants' novel arrangement, 

each tube is extinguished by the operation of the 
other tube of the same pair, and the extinguished 
tube is not primed for operation until one tube 
of each of the other pairs making up the ring 
has been operated. In the interval of time in 
which the extinguished tube can recover from 
the effects of its being extinguished and return to 
the condition to be fired by an impulse after it 
has been primed by the operation of a tube of 
the group of tubes next preceding it in sequence, 
other impulses can be impressed on the ring, 
and the Speed of operation of the ring can be 
increased approximately five times that possible 
When each extinguishing action is impressed on 
all of the tubes of the ring. 
The disclosed embodiment of the invention 

shows the tubes grouped for extinguishing action 
in such a way that half the tubes are conduct 
ing at any given instant when the ring is in use; 
however, it is obvious that other groupings of the 
tubes may be made, depending upon the number 
of tubes in the ring, the number of tubes that 
are to be conducting at any instant, and the 
Speed at which the ring is to operate. For iii 
stance, the tubes may be connected for extin 
guishing action in two groups of five tubes each, 
and in this arrangement only two tubes of the 
ring Will be conducting at any instant. Though 
this grouping would reduce the number of tubes 
that are conducting at any instant, it would slow 
down the operation of the ring, because each 
group of tubes would be affected by every other 
input impulse, and a second impulse could not 
be impressed on another tube of the group until 
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all the tubes of that group had recovered. The 
use of two groups of five tubes each Will enable 
impulses to be impressed on the ring approxi 
mately twice as fast as When all the tubes are 
affected by each extinguishing action. 

It is an object of this invention, therefore, to 
provide a counting ring of electronic devices 
which can operate at a higher speed than Speeds 
previously known in the operation of Similar 
counting ringS. 
Another object of the invention is to provide 

a high-speed gaseous electron tube counting ring 
which will enable impulses to be impressed on the 
ring at a high frequency to cause the step-by 
step operation of the tubes in the ring. 
A further object of the invention is to provide 

a novel manner of connecting the tubes of a gas 
eous electron tube ring so that they may be selec 
tively extinguished Without the extinguishing ac 
tion affecting all the tubes. 
A further object of the invention is to provide 

a gaseous electron tube ring in Which the tubes 
are connected in groups, so that the firing of a 
tube in any group will be operative to cause an 
extinguishing action on only the tubes of its 
group, and in which the tubes of different groupS 
are coupled for Sequential firing in response to 
impressed impulses, the pattern of the grouping 
of the tubes being such as to enable a maximurn 
number of impulses to affect the ring Without a 
recurrence of firing of the tubes in any of the 
groups, whereby a maximum number of impulses 
can be impressed on the ring in any given period 
of time to cause its operation at a high rate of 
speed. 
With these and incidental objects in view, 

the invention includes certain novel features 
of construction and combinations of parts, the 
eSSential elements of Which are set forth in 
appended claims and a preferred form or embodi 
ment of Which is hereinafter described with 
reference to the drawings which accompany and 
form a part of this specification. 
Of said drawings: 
Fig. 1 is a diagrammatic showing of the prim 

ing couplings between the tubes of a gaseous 
electron tube counting ring for representing the 
digits of a denominational Order in the decimal 
notation and also a diagrammatic showing of the 
Coupling Of the tubes in pairs for mutual ex 
tinguishing action. 

Fig. 2 is a diagrammatic showing of the prim 
ing couplings between the tubes of a gaseous elec 
tron tube counting ring for representing the 
digits of a denominational order in the decimal 
notation and also a diagrammatic showing of 
another arrangement for the coupling of the 
tubes in groups for mutual extinguishing action. 

Fig. 3 is a circuit diagram for operatively con 
necting the ten gaseous electron tubes according 
to the arrangement shown in Fig. 1. 

General description 
In Fig, 1, which is a functional diagram of 

the Operation of the ten gaseous electron tubes 
connected in a network, the circles represent the 
tubes, the numbers in the circles represent arbi 
trarily assigned digital values of the tubes in the 
decimal System, and the shading and non-shad 
ing of the circles indicate the conducting and 
non-conducting condition of the tubes, respec 
tively. 
In the arrangement disclosed in this figure, the 

tubes are divided for mutual extinguishing action 
into five groups of tWo tubes each. When the 



5 
ring is being operated, one or the other of the 
tubes of each group of tubes is in a conducting 
condition, which causes the other tube of the 
group to be in a non-conducting condition. AS 
shown in this figure, the “6,’ “7,’ “8, '9,' and 
'O' tubes are conducting. The conducting tube 
representig the Sun of the accumulated data, 
is to be considered for the purpose of this dis 
closure as the most clock Wisely disposed tube 
of the tubes that are conducting, which in this 
case is the '0' tube. Though the most clock 
wisely positioned tube of the conducting tubes 
has been chosen as the One to represent the 
accumulated data, in the example given, it is 
obvious that any identifiable position may be 
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chosen to represent the accumulated data, as long . 
as the chosen relation is adhered to throughout 
the reception of the particular data. 
The tubes of the ring are paired for mutual 

extinguishing action by having their cathodes 
electrostatically connected, so that, when one 
tube of the pair is fired or becomes conducting, 
the potential change of its cathode will cause 
the other tube of its pair, which tube is already 
conducting, to be extinguished, and this extin 
guishing action is isolated within the pairs of 
tubes and does not extend to or affect the tubes 
of other pairs of tubes making up the ring. The 
connections between the cathodes of the pairs of 
tubes are shown schematically in Fig. 1 by the 
line , connecting the “0” and the “5” tubes; 
the line , connecting the '1' and the '6'' tubes; 
the line 2, connecting the '2' and the “7” tubes; 
the line 3, connecting the '3' and the '8' tubes; 
and the line A, connecting the '4' and the '9' 
tubes. The grids of the tubes normally are 
biased Sufficiently to prevent the input impulses 
fron causing the non-conducting tubes to become 
conducting, but a connection between the cathode 
of one tube and the grid of the next Succeeding 
tube in the ring enables the cathode potential 
rise of one tube, when that tube is conducting, 
to reduce the bias of the grid of the next tube 
or “prime' that tube so that the next input 
impulse impressed on the tubes Will be effective to 
fire the primed tube. The adjacent tubes of the 
ring are accordingly connected by priming cou 
plings in an endless operative chain, so that, as 
the inpulses are inpressed on the ring, the tubes 
will be fired one after another in a step-by-step 
sequence. The priming couplings are sche 
matically indicated in Fig. 1 by lines, as 5, which 
connect adjacent tubes, the arrows On the lines 
indicating the direction in which priming takes 
place. 
As explained above, the condition of the count 

ing ring as shown schematically in Fig. 1 repre 
sents the value zero, because the most clockwise 
tube, which is shown conducting, is the '0' tube. 
When this tube became conducting, it was effec 
tive, through the extinguishing connection 9, 
to cause the '5' tube to become extinguished 
and, through the priming connection, to prime 
the '1' tube for Operation by the next input 
impulse. This condition of the ring Will continue 
until the next inpulse is received, at which time 
the primed “1” tube will be fired and become 
conducting and cause the '6' tube to be extin 
guished and the '2' tube to be primed for opera 
tion. The tubes of the ring now represent the 
digit “1.' The following impulse Will cause the 
'2' tube to fire and become conducting, which 
causes the '8' tube to be extinguished and the 
“3’ tube to be primed for operation. The tubes 
of the ring are thus rendered conducting one after 
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the other in sequence by the input impulses, but 
it should be noted that, in the tubes paired for 
extinguishing action, there is no recurrence of 
the firing of the tubes in any pair until the fifth 
in pulse is received and a tube of each of the other 
pairs has been fired. This enables the ring to be 
operated at a high rate of speed. 
A variation in the manner of connecting the 

ubes of the ring for mutual extinguishing action 
is shown in Fig. 2. The conventions noted in-con 
rection. With the showing of the ring in Fig. 1 
agply also to this ring. The shading of the “9’ 
2nd the '0' tubes shows that, of all the tubes 
of the ring, only two-the '9' tube and the '0' 
tube-are conducting, and this is the zero-repre 
seating condition of the ring. The priming, con 
thections for coupling the adjacent tubes are 
shown Schematically by the lines, as 6, with the 
arrows indicating the direction of the priming 
action. In the ring as shown in Fig. 2, the tubes 
are not connected in pairs for mutual extinguish 
iig action, but are connected in two groups of 
five tubes each, with adjacent tubes in the ring 
being included in different groups. One of these 
groups is Schematically shown connected by the 
dotted line and includes the “0,’ “2,' '4,' '6,' 
and '8' tubes. Through this connection, the fir 
ing of any tube in the group will cause any other 
Conducting tube of the group to be extinguished. 
The other group of tubes is schematically shown 
connected by the dot-and-dash line 8 and in 
cludes “1,” “3,’ “5,” “7,' and “9’ tubes, which 
connection enables the firing of any tube of this 
group to cause any other tube of the group to be 
extinguished, 

in the ring as shown in Fig. 2, the '9' tube and 
the '0' tubes are conducting, and, as explained 
above, this is a condition which represents a 
value of Zero. When the '0' tube Was fired and 
became conducting, it impressed an extinguish 
ing action on the “2,” “4,” “6,' and “8” tubes of 
this group and caused the '8' tube, which was 
the only tube of the group to be conducting, to be 
extinguished, The conducting '0' tube also 
prinned the '1' tube to render the '1' tube re 
ceptive to be operated by the next impulse im 
pressed on the tubes. This condition of the tubes 
will continue until the next impulse is impressed 
Gh the ring, at which time the primed '1' tube 
Will be fl'ed and Will become conducting and 
cause the '9' tube to be extinguished and the 
"2' tube to be primed for operation. The follow 
ing impulse will cause the '2' tube to fire and 
become conducting, which causes the '0' tube to 
be extinguished and the '3' tube to be primed. 
Similarly, the remaining tubes of the ring can be 
fired in sequence. With the arrangement of 
tubes shown in Fig. 2, there are but two tubes 
Conducting at any given time, but there Will be 
a recurrence of the extinguishing action in each 
group when every other tube of the ring is fired. 
The Step-by-step sequential Operation of the 

pairs of tubes as functionally described with ref 
erence to Figs. and 2 is not necessarily based on 
their physical adjacence, nor is this step-by-step 
operation to be deemed to limit the scope of the 
invention, as the number of tubes of the ring may 
be increased or decreased to suit a numerical no 
tation desired or to suit any other form of data, 
to be represented, and the grouping of the tubes 
may be varied With the different numbers of 
tubes used and the Speed of operation desired. 
The novelty of the invention resides not only 

in the particular circuit network as shown, but 
also in the broad idea of grouping the tubes for 
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mutual extinguishing action and in the isolation 
of the extinguishing action between groups of 
tubes forming a ring, which enable the ring of 
gaseous electron tubes to be operated at high 
Speeds. 
When the counting ring is used to represent a 

numerical denominational order, it may be used 
with other similar rings to form a plural de 
nominational order accumulator for numerical 
data. The condition of completion of each Se 
quential operation of all the tubes of one denomi 
national ring can give rise to an electrical in 
pulse, which can be used to cause one Step of Op 
eration of the ring of another denominational 
order in any suitable way, one of which Will be 
explained hereinafter. 

The circtiis 

The circuits connecting the ten tubes accord 
ing to the arrangement shown in Fig. 1 are shown 
in Fig. 3. In the explanation of these circuits, 
the values given for the various potentials, re 
sistors, and capacitors are relative and are 
merely illustrative, so that any changes in the 
type of tubes or in the speed or stability of op 
eration desired may require a variation in these 
Values. 
As in Fig. 1, the tubes in the circuit diagrain 

make up a denominational order in the decimal 
notation, and the digit values '0' to '9' have 
been assigned to then. These tubes are thern 
ionic gaseous electron tubes, contain an anode, 
a cathode, and a grid, and are grid-controlled. 
The grid is normally given a higher negative po 
tential than the cathode and will prevent the 
tube from firing or becoming conducting until the 
negative potential of the grid is lowered to With 
in 15 volts of the cathode potential. The heater 
elements for the cathodes of these tubes are 
shown conventionally in the diagram. 
A terminal 6, which is the source of anode 

potential Supply, is Supplied With a potential Of 
--75 volts and is connected through the point 62 
and the conductor 63 to the anode of each of the 
tubeS. 
A terminal 64, supplied with a potential of 

-150 volts, furnishes the potential for the cath 
cde and the negative biasing potential for the 
grid of each of the tubes. The terminal 64 is con 
nected to the conductor 65, from which extend 
parallel circuits, one for each tube. Since the 
parallel circuits are identical, that for the “0” 
tube will serve as an example. From the con 
ductor 65 at point, 65, the circuit for the '0' 
tube extends over a resistor 67 of 150,000 ohms 
to points 68 and 69 over a resistor of 100,000 
ohms and a capacitor of 150 micro-micro 
farads in parallel to points 2 and 3 and then 
over a resistor 74 of 15,000 ohms to ground. The 
cathode 75 of the '0' tube is connected in this 
circuit at the point 72 and has a potential of 
approximately -8.5 volts. From the point 33 in 
this circuit, a circuit extends over a resistor 88 
of 500,000 ohms to point S, then over a resistor 

of 50,000 ohms to the grid 8 of the '1' tube, 
and supplies this grid normally with a potential 
of approximately -65 volts. In the other par 
allel circuits extending from the conductor 65, 
the cathodes of the 1. (2. '3' 4. “5,” (6. 
“7,’ “8,' and '9' tubes are connected to the 
points 9, 8, 8, 82, 33, 84, 85, 88, and 3, respec 
tively, and the grids of the “2,’ “3,’ “4.’ “5.’ 
“6,' '7, '8, '9, and “O’ tubes are connected 
over the necessary resistors to the points 9, 92, 
93, 94, 95, 96, 97, S8, and 99, respectively, through , 
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which connections the required negative po 
tentials are supplied to the cathodes and grids 
of these tubes. 
The electrical input impulses which cause the 

step-by-step operation of the ring are impressed 
On the terminal 3 at a frequency Which is lin 
ited only by the speed of operation of the ring. 
The terlinina, 3 is connected at point 0 to 
the impulse conductor 52. Circuits extend from 
the impulse conductor 62 and electrostatically 
couple the grids of the tubes to the conductor, 
so that impulses may be impressed on the tubes 
to cause their operation. The circuit from the 
impulse conductor 2 to the grid 78 of the '1' 
tube is representative of these couplings and ex 
tends from the impulse conductor 92 through 
a, capacitor 23 of 5 micro-microfarads to the 
point, 6 in the circuit to the grid 78. Similar 
circuits extend from the impulse conductor f02 
over the capacitors 34, 05, 36, 07, 08, 99, 
E ), , and 2 to points 3, 4, 5, 6, 

i, 8, 9, 23, and 2 f, respectively, in the 
grid Circuits for the 2. “3. 4.' “5,” “G.' it." 
“8.’ “9, and '0' tubes. 

ihe impulses impressed on the input termi 
inal cause a potential rise of --100 volts to 
be impressed on the impulse conductor 32, which 
potential rise can affect the grids of all the tubes 
through the electrostatic couplings between the 
grids and the input conductor 92, but the grids 
normally have a sufficient negative bias that 
these impulses will not cause any tube to be 
fired unless that tube has been primed by hav 
ing the negative bias of its grid reduced to such 
an extent that the positive potential rise derived 
from the input impulse will cause the negative 
potential of the grid to be lowered to within 15 
volts of the cathode potential. 

ihe priining of the tubes is accomplished by 
using the potential rise of the cathode of a tube, 
which occurs when the tube is conducting, to 
reduce the biasing potential of the grid of the 
next tube in the ring to be fired. The circuit, 
traced previously from the conductor 65 at point 
83, over resistor 7, points 68 and 69, resistor 70 
and capacitor in parallel, points 2 and 3 
and resistor F4 to ground, by which potential 
is normally supplied to the cathode 3 of '0' 
tube and the grid 3 of the '1' tube by their 
connections thereto at the points 2 and 69 re 
spectively, is used to effect the priming of the 
'1' tube when the '0' tube is conducting. Be 
fore the '0' tube is fired and rendered conduct 
ing, the potential of its cathode 75 is -8.5 volts 
and is obtained principally from its connection 
to the potential supply conductor 66. When the 
“0” tube is conducting, the cathode 75 not only 
is connected to the potential Supply conductor 
65, but also is coupled electronically to the anode 
of the '0' tube, which anode has a potential of 
--75 volts applied thereto. Under these condi 
tions, the potential of the cathode 5 will rise 
to about --60 volts, and this Will cause the po 
tential of the grid of the 'i' tube, which is con 
nected to the same circuit at point 69, to become 
less negative. The capacitor in the priming 
circuit causes this potential rise to be applied 
quickly to the grid 73. This change in potential 
of the grid of the '1' tube reduces the control 
ling bias of the grid to such an extent that the 
next in pulse in pressed on the glids of a the 
tubes will be effective to reduce the potential of 
he grid 78 to less than 15 volts more negative 
than the potential of the cathode of the '1' 
tube, causing that tube to fire and become con 
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ducting. Similar couplings between the succes 
SiWe tubes of the ring enable the tubes, to be 
priinned and fired one after another in an end 
less chain sequence in response to one or more 
impressed impulses. 
AS explained earlier herein, the gaseous elec 

tron tubes, as used in this ring Will continue to 
conduct once, they have been fired. Accordingly, 
Some forms of extinguishing action is required to 
stop conduction. Within the tubes. This is ac 
Complished, in the method shown in the circuit, 
diagram, by electrostatic connection of the cath 
Ode of a conducting tube with the Cathode of 
a tube that is to be fired and causing the po 
tential rises of the cathode of the tube, as it is 
fired, to momentarily raise the cathode potential 
of the previously conducting tube to a value 
greater than the anode potential and cause con 
duction to stop in the tube, thus enabling the 
grid to resurne control. After the tube. has been 
extinguished, its cathode “recovers', or resumes 
the potential which it had before the tube be 
came conducting and is then ready, if primed, 
for further operation. When another impulse is 
impressed thereon. 
Applicants have provided a novel arrangement 

for connecting the tubes of the ring for extin 
guishing action, and, because of this arrange 
ment, the ring of tubes may be operated at very 
high speeds. The tubes are: connected in groups, 
With adjacent tubes of the ring being included in 
different groups. The various groups. Of tubes 
are isolated, so that the firing of a tube, of one 
group will cause any other conducting tube of 
that group to be extinguished, but will not affect 
any of the tubest of the other groups, and the 
tubes, of the other groups may be primed and op 
erated While, the tubes of One group are recover 
ing from the extinguishing action. 
In the embodiment of the invention as dis 

closed in Figs. 1 and 3, the '0' tube and the “5’ 
tube are grouped and connected for mutual ex 
tinguishing action, so that, when the '0', tube is 
fired and becomes: conducting, it will extinguish 
the '5' tube, and, when the '5' tube becomes 
conducting, it will extinguish the '0' tube. Ac 
cordingly, one or the other of the tubes of this 
group is conducting whenever, the ring is in op 
eration. . . . - 
The connection between the Cathode 5. Of the 

“0” tube and the cathode of the “5” tube, as 
shown by line. 0 in Figs. 1. and 3, extends in Fig. 
3. from the point 72 over a resistor 22 of 5,000 
ohms and a capacitor of 500 micro-microfarads 
in series to the point 83. Similar connections, 
referred to generally as , , , 2, 3, and 4, which 
extend between the points 79,80, 8, and 82, and 
the points 84, 85, 86, and 87, respectively, con 
nect the cathodes of the “1,” “2,” “3,' and '4' 
tubes with the “6,' '7,' '8,' and '9' tubes to 
form the various groups of tubes. As in the case 
of the '0' and '5' tubes, One or the other of the 
tubes of each group will be conducting when 
the ring is in Operation. 

If the ring as shown in Figs. 1 and 3 is to be 
used as one denominational order of a multi-de 
nominational order accumulator, any. Suitable 
means may be provided to enter a unit in an 
other denominational Order each time the tubes 
of the one denominational Order have completed 
a cycle of operation. For instance, one method 
would be to connect the '0' tube, and the '5' 
tube to control the Operation of a Well-known 
trigger pair of tubes, which would operate a self 
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to the other denominational order, each time the 
'0' tube. Was fired, 
With the understanding of the circuits shown 

in Fig. 3 to illustrate the connections of the tubes 
- according to the arrangement of Fig. 1, it is not 
believed, necessary to show the circuits for ob 
taining...the-arrangement. according to Fig. 2, as 
the potential supply for the tubes, the impulse 
circuits, -and-the priming circuits would be the 
same as shown in Fig. 3. The only change would 
be that the extinguishing connections, including 
the 5,000-ohm resistor and the 500-micro-micro 
farad capacitor in Series between cathodes would 
be included between the cathodes of the '0,' '2,' 
“4,' '6,' and '8' tubes as one group and the 
“1,” “3,' '5,' '7,' and '9' tubes as the other 
grOup. 

Operation 
In Order that applicant's novel counting ring 

as shown in Figs...1 and 3 will operate properly, 
it is necessary that half the tubes of the ring, 
or one of the tubes of each group or pair of 
tubes, must be conducting, and, if the necessary 
tubes are not already conducting, they may be 
rendered conducting by any convenient method 
such as temporarily grounding the control grids 
of these tubes. 
The shading of the tubes in Fig. 3 shows that 

the “6,' '7,’ “8,' '9,' and “O'” tubes are con 
ducting, which is the condition when the ring 
represents zero. The '0' tube, being conduct 
ing, is effective through the coupling between its 
cathode 75 and the grid 78 of the '1' tube to 
reduce the bias of the grid of the '1' tube aimost 
to its firing point. When the next impulse is 
impressed on conductor f02, it will be effective, 
by means of the connection" through the capaci 
tor IC3, to cause the potential of the grid 78 to 
be reduced below its critical biasing point and 
cause the '1' tube to fire. As the '1' tube 
fires and becomes conducting, the potential of its 
cathode will rise and, through the extinguishing 
coupling with the cathode of the conducting “6” 
tube, Will cause the potential of the cathode of 
the '6'' tube to rise above its anode potential 
and cause the '6'' tube to be extinguished, after 
Which the cathode of the '6'' tube “recovers' 
Or resumes its normal negative potential and is 
ready for further operation. The conducting 
'1' tube primes the '2' tube, and, when the 
next impulse is impressed on the conductor O2, 
it Will be effective, through the connection in 
cluding capacitor 04, to cause the '2' tube to 
fire and become conducting. The '2' tube will 
cause the '7' tube to be extinguished and the 
"3' tube to be primed for operation. Successive 
impulses Will cause the tubes of the ring to be 
fired in sequence, with the '9' tube priming the 
'0' tube to enable the repeated operation of the 
tubes of the ring. - 
With the arrangement shown in Fig. 3, it is 

seen that the '5' tube, which is extinguished by 
the firing of the '0' tube, is not primed for op 
eration until after the “1,” “2,” “3,’ and '4' 
tubes have been fired and is not affected in any 
way by the extinguishing actions involving the 
"1,' '2,' '3' and '4' tubes. Since a tube should 
not have an input impulse impressed thereon 
until after it has recovered from an extinguish 
ing action, it follows that, With the above lar 
rangement, the “5” tube, can recover while the 
“1,' '2,’ “3,’ and '4' tubes are being fired, so 
that the principal factors which would limit the 

extinguishing electron tube to send an impulse 75 rate at which impulses are impressed on the 
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ring are the time constant of the grid input cir 
cuit and the ionization time of the tubes. The 
arrangement shown enables an extremely high 
speed operation of the gaseous electron tube ring. 
The operation of the gaseous electron tube 

ring schematically shown in Fig. 2 is substantial 
ly the same as given above, except that only two 
tubes will be conducting at any instant and its 
speed will be reduced because every second im 
pulse Will cause a recurrence of an extinguishing 
action in the tubes of the groupS. For example, 
if the '0' tube is fired, it extinguishes the '8' 
tube but also impresses the extinguishing action 
on the '2' tube, which must recover before it can 
have an impulse impressed thereon, and this 
means that only the '1' tube can be fired until 
the '2' tube has recovered. 
While the form of mechanism herein shown 

and described is admirably adapted to fulfill the 
objects primarily stated, it is to be understood 
that it is not intended to confine the invention 
to the one form or embodiment herein disclosed, 
for it is susceptible of embodiment in various 
forms all coming within the scope of the claims 
which follow. 
What is claimed is: 
1. In combination, a plurality of gaseous elec 

tron discharge devices, each device including at 
least two electrodes and means to control con 
duction in the device; means to couple the de 
vices in an endless chain series for sequential fir 
ing in response to impressed impulses, the cou 
pling between successive devices of the series 
including a connection betWeen one of the elec 
trodes of a device and the control means of the 
next device of the series and enabling the con 
duction in one device to cause the next device in 
the series, if non-conducting, to be prepared to 
be fired in response to an impulse impressed 
thereon; means to impress impulses on the con 
trol means of the devices; and means for Con 
necting the devices into groups for mutual extin 
guishing action within each group, the connec 
tions between corresponding electrodes of the de 
vices of any group enabling the act of conduc 
tion beginning in any device of that group to 
cause any previously conducting device of that 
group to be extinguished without affecting any 
of the devices of other groups, thus isolating the 
extinguishing action to the devices of that group, 
the means coupling the devices for sequential 
firing and the means for connecting the devices 
into groups being so coordinated that adjacent 
devices in the series are included in different 
groups and a device of each of the other groups 
will be fired before a recurrence of firing takes 
place within the devices of a group. 

2. In combination, a plurality of gaseous elec 
tron discharge devices, each of said devices in 
cluding at least a pair of electrodes and means to 
control conduction within the device; means di 
viding the devices into groups for mutual extin 
guishing action within each group, including Con 
nections between similar electrodes of the de 
vices of a group to enable the firing of any device 
of the group to cause any conducting device of 
that group to be extinguished without affecting 
the devices of any other group, after which the 
non-conducting devices of that group recover 
from the extinguishing action and are ready to 
be fired; means to connect the devices in an 
endless chain series for sequential firing in re 
sponse to input impulses, the connection be 
tween successive devices of the series extending 
between an electrode of a device and the control 
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2. 
means of the next device of the series and en 
abling the conduction in one device to render the 
next device in the Series, if non-conducting, re 
sponsive to be fired by an input impulse im 
pressed thereon; and means to impress input 
impulses on the control means of the devices; 
the grouping of the devices being so chosen that 
Successive devices in the series are included in 
different groups and a device in each of the other 
groups will be fired before a recurrence of firing 
occurs in any particular group, thereby enabling 
impulses to be impressed on the devices at a fre 
quency sufficiently high to cause a device in each 
of the other groups to be fired and rendered con 
ducting while the devices in one group are recoV 
ering. 

3. In combination, a plurality of gaseous elec 
tron discharge devices, each device including at 
least a pair of electrodes and means to control 
conduction in the device; means to couple the de 
vices for operation in an endless chain sequence, 
the couplings including a connection between an 
electrode of one device and the control means of 
the next device in the sequence to enable the con 
duction in a device to cause the next device in 
the chain sequence, if non-Conducting, to be ren 
dered responsive to an impulse impressed there 
on, thereby preparing the devices selectively and 
sequentially for conduction in response to im 
pulses; means to impress impulses on the con 
trol means of the devices; and a plurality of in 
dependent circuit networks for connecting the de 
vices in groups for mutual extinguishing action 
within each group, each circuit network connect 
ing together similar electrodes of the devices of 
the group to enable the act of conduction begin 
ning in any device of a group to provide a poten 
tial change which is impressed on the other de 
vices of the group and cause any previously con 
ducting device to be extinguished and become 
non-conducting, after Which the non-conducting 
devices of the group can recover from the extin 
guishing action and become ready to have fur 
ther impulses impressed thereon, the chain con 
nections and independent circuit networks being 
so coordinated that adjacent devices in the chain 
are included in different groups so that a device 
which causes an extinguishing action in one 
group will prepare a device in another group for 
conduction in response to an impulse. 

4. In combination, a plurality of gaseous elec 
tron discharge devices for representing data, each 
device including at least two electrodes and 
means to control conduction in the device; means 
for connecting the devices to form a ring, Said 
connections including a connection between one 
of the electrodes of a device and the control 
means of the next device of the ring and enabling 
the conducting condition of a device to prepare 
the adjacent non-conducting device of the ring 
to be responsive to a data-representing impulse so 
that the devices of the ring can be fired and ren 
dered conducting sequentially in an endless op 
erative series in response to data-representing 
impulses; means to supply each data-represent 
ing impulse to the control means Of all of Said 
devices; and circuits for connecting the devices 
into groups for mutual extinguishing action 
within each group, said circuits extending be 
tween similar electrodes of the devices of the 
group and enabling the firing of any device of 
any group to cause any previously conducting 
device in only that particular group to be extin 
guished, thus isolating the extinguishing action 
Within the group, and the coordination of the 
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means for connecting the devices in a ring and 
the circuits connecting the devices in groups be 
ing such that a device of each of the other groups 
is fired before a recurrence of firing occurs with 
in any group of devices. 

5. In combination, a plurality of gaseous elec 
tron discharge devices, each device including at 
least a pair of electrodes and means to control 
conduction in the device; means for coupling the 
devices for sequential priming of the devices, said 
couplings including a connection between one of 
the electrodes of a device and the control means 
of the next device of the Sequence to enable the 
conduction in a device to prime the next device 
in the sequence, if non-conducting, so that the 
devices may be fired and rendered conducting one 
after another in an endless operative series in re 
Sponse to data-representing impulses; means to 
supply data-representing impulses to the con 
trol means of the devices; and a plurality of in 
dependent circuits for connecting the devices in 
pairs for mutual extinguishing action. Which is 
isolated within each pair, said circuits extending 
between similar electrodes of the pair of devices 
enabling either device of the pair, when it is fired, 
to cause the other device of the pair, which is 
conducting, to be extinguished, after which the 
extinguished device recovers from the extinguish 
ing action and is ready to be fired by data-repre 
senting impulses impressed thereon, the pattern 
of the connections connecting the devices in pairs 
and its relation to the couplings between devices 
being such that, while a device of a pair is re 
covering, a device in each of the other pairs of 
devices can be fired in response to data-repre 
Senting impulses. 

6. In combination, a plurality of gaseous elec 
tron discharge devices, each device representing 
a unit of data and including at least a pair of 
electrodes and means to control conduction in the 
device; means for connecting the devices in an 
endless chain Series for sequential Operation, the 
connection between successive devices of the Se 
ries extending from one of the pair of electrodes 
of one device to the control means of the next 
device and enabling the conduction in one de 
Vice to cause the next device Of the Series, if non 
conducting, to be primed to be fired by the next 
data-representing impulse impressed on the de 
vices of the series; means to impress data-repre 
Senting impulses on the control means of all the 
devices; and a plurality of independent extin 
guishing circuits for connecting the devices in 
pairs for mutual extinguishing action which is 
isolated within each pair, said circuits connect 
ing similar electrodes in the devices and enabling 
the firing of either device of the pair to provide 
a potential impulse which is impressed on the 
other device of the pair and causes said other de 
vice, which is conducting, to be extinguished, the 
priming connections and the pairing connections 
between the various devices being so coordinated 
that Successive devices of the series are included 
in different pairs and a device of each of the other 
pairs is fired before a recurrence of firing within 
any pair takes place. - 

7. In combination, a plurality of gaseous elec 
tron devices each having an anode as one ele 
Inent thereof, a cathode as another element 
thereof, and a control grid to control conduction 
in the device; priming couplings between the de 
vices to enable the devices to be fired and ren 
dered conducting in an endless chain sequence 
One after another in response to input impulses 
impressed on all the devices, said couplings con 
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stituting a connection between the cathode ele 
ment of one device and the control grid of the 
next device to be operated in the sequence, where 
by the conducting condition of one device ren 
ders the control grid of the other device effective 
to cause the Other device to be fired and ren 
dered conducting in response to the next in 
put impulse; means to impress impulses on all 
the devices; and means connecting the devices 
in groups for mutual extinguishing action 
Within each group and including connections 
between Similar elements of the devices com 
prised in the group whereby the firing of any 
device of the group Will cause any other conduct 
ing device of the group to be extinguished, after 
which the non-conducting devices of the group 
recover for further operation, the grouping of 
the devices being so chosen that adjacent de 
Vices in the sequential operation are included in 
different groups, and the number of groups is 
such that a maximum number of impulses can be 
impressed on the devices before a recurrence Of 
the firing of a device takes place within the de 
Vices of a group. 

8. In combination, a plurality of gaseous elec 
tron tubes, each tube having an anode as One 
element, a cathode as another element, and a 
control means; means dividing the tubes in 
gro:ps for mutual extinguishing action within 
each group, Said dividing lineans including cir 
cuits connecting together similar elements in 
each of the tubes of the group. So that a pote:- 
tial change on the eleinent in a tube When it 
is fired can be transmitted to the other elements 
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of the group and cause any conducting tube of 
the group to be extinguished; means to connect 
the tubes for sequential firing in an endless chain 
series in response to iri pressed impulses, the con 
lection between successive tubes of the Series 
enabling conduction in one tube to modify the 
control by the control means of the next tube in 
the series, if not conducting, and cause said next 
tube to be primed for firing in response to an im 
pressed impulse; and means to impress impulses 
On the control in earns of the tubes to cause their 
sequential firing; the circuits of the means divid 
ing the tubes into groups and the connections in 
the means for connecting the tubes for sequential 
firing being so coordinated that successively fired 
tubes in the chain Series are included in different 
groups, thus enabling the firing of a tube to ex 
tinguish any conducting tube of its group and 
the conduction in the fired tube to cause a tube 
in another group to be primed for firing, where 
by the primed tube is not affected by the extin 
guishing action. 

9. In combination, a plurality of gaseous elec 
tron discharge devices, each device having an 
an Ode as One element, a cathode as another ele 
ment, and a control means; means dividing the 
devices in groups for mutual extinguishing action 
Within each group, Said dividing means including 
circuits connecting together similar elements in 
each of the devices of a group and isolating the 
extinguishing action within the group so that 
a potential change on the element in a device 
when it is fired can be transmitted only to the 
other elements of the group and cause any con 
ducting device of the group to be extinguished, 
after Which the non-conducting devices recover 
from the extinguishing action and are ready to 
be fired; means to connect, the devices for sequen 
tial firing in an endless chain series in response 
to impressed impulses, said connecting means in 
Ciuding a connection between the cathode ele 
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ments and the control means of Successive de-- 
vices of the series whereby the potential of the 
cathode element when its device is conducting 
can modify the control by the control means of 
the next device in the series, if that device is non 
conducting, and render that device responsive to 
an input impulse; and heans to impress impulses 
on the control means of the devices; the circuits 
of the dividing means and the means to connect 
the devices for Sequential firing being SO Coordi 
nated that a device in each of the other groups 
Will be fired before a, recurrence of firing occurs 
in any particular group, thus enabling impulses 
to be impressed on the devices at a frequency 
which will cause a device in each of the other 
groups to be fired and rendered conducting while 
the devices in one group are recovering. 

10. In combination, a plurality of gaseous elec 
tron tubes, each tube having an anode as one ele 
ment, a cathode as another element, and a control 
grid; means dividing the tubes in groups for mu 
tual extinguishing action. Within each group, Said 
dividing means comprising circuits connecting to 
gether similar elements in each of the tubes of 
any group so that a potential change on the 
element in a tube when it is fired can be trans 
mitted to the other elements of the group and 
cause any conducting tube of the group to be 
extinguished, after which the elements of the 
non-conducting tubes of the group recover from 
the impressed potential change and are capable 
of being fired and rendered conducting; means 
to connect the tubeS for firing Sequentially in an 
endless chain series in response to impressed im 
pulses; and means to impress impulse on the 
tubes to cause their sequential firing; the tubes 
of the groups being So selected that successive 
tubes in the sequential Operation are included in 
different groups whereby a tube in one group, 
which has recovered from an extinguishing ac 
tion, can be fired while the tubes in the other 
groups are recovering from an extinguishing ac 
tion, thus enabling impulses to be impressed on 
the tubes at a high rate of Speed. 

11. In combination, a plurality of gaseous elec 
tron tubes, each tube having an anode as one 
element, a cathode as another element, and a 
control means to control conduction therein; 
means for segregating the tubes into the maxi 
mum number of groups having equal numbers 
of tubes that may be obtained from the plurality 
of tubes, said segregating means including cir 
cuits connecting together similar elements in 
each of the tubes of the group so that a potential 
change on the element in a tube. When it is fired 
can be transmitted only to the other elements Cf 
the group and cause any conducting tube of the 
group to be extinguished without affecting the 
tubes of the other groups; means to connect the 
tubes for Sequential firing in an endless chain 
series in response to impressed impulses, said se 
quential connections including circuits between 
adjacent tubes in the series to enable the con 
duction in one tube to modify the control by the 
control means of the next tube in the Series, if 
said next tube is not conducting, and thereby 
render said next tube responsive to be fired by 
an impulse impressed thereon; and means to 
impress impulses on the control means of the 
tubes to cause the sequential firing of the tubes; 
the relation between the segregating circuits and 
the Sequential connections between the tubes be 
ing such that a tube in each of the other groups 
is fired before a recurrence of firing in any group 
occurs, thus enabling a maximum number of im 
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16 
pulses to be impressed on the devices before a 
recurrence of firing in a group takes place. 

12. In combination, a plurality of gaseous elec 
tron tubes, each tube having an anode as one 
element, a cathode as another element, and a 
control grid; means connecting the tubes in iso 
lated groups for mutual extinguishing action 
Within each group, said connecting means com 
prising circuits connecting together similar ele 
ments in each of the tubes of any group So that 
a potential change on the element in a tube when 
it is fired can be transmitted only to the other 
elements of the group and cause any conducting 
tube of the group to be extinguished without 
affecting the tubes of the other groups, after 
Which extinguishing action the elements of the 
non-conducting tubes of the group recover fronn 
the impi'essed potential change and are capable 
of being fired and rendered conducting; means 
comprising a cathode element-control grid cir 
cuit, between successive tubes of a series to selec 
tively pline the tubes for Sequential firing in an 
endless chain series in response to impressed 
impulses; and means to impress impulses on the 
tubes to cause their sequential firing; the tubes 
of the groups being SO Selected that successive 
tubes in the sequential operation of the tubes are 
included in different groups whereby a tube in 
one group which has recovered from an extin 
guishing action can be fired while the tubes in the 
other groups are recovering from extinguishing 
actions. 

13. In combination, a plurality of gaseous 
electron tubes, each tube having an anode as 
One element, a cathode as another element, and 
a control grid; a plurality of independent net 
Works for segregating the tubes in groups, each 
group having the same number of tubes, and 
each of said netWorks comprising circuits con 
necting together Similar elements in each of the 
tubes of the group so that a potential change on 
the element in a tube when it is fired can be 
transmitted only to the other elements of the 
group to cause any conducting tube of the group 
to be extinguished. Without affecting the tubes 
of the other groups; means to connect the tubes 
in an endless chain Series, said connecting means 
comprising a cathode element-control grid cir 
cuit between successive tubes of a series whereby 
conduction in one tube primes the next tube in 
the Series for firing in response to an impressed 
impulse; and means to impress impulses on the 
tubes; the relation between the networks and 
the priming connections being such that a tube, 
which is fired and causes an extinguishing action 
in one group, will prime a tube in another group. 

14. In combination, a plurality of gaseous elec 
tron tubes, each tube having an anode as one 
element, a cathode as another element, and a 
control grid; means for segregating the tubes into 
the maximum number of groups having equal 
numbers of tubes that may be obtained from the 
plurality of tubes, said segregating means iso 
lating the groups and comprising circuits con 
necting together similar elements in each of the 
tubes of the group so that a potential change 
On the element in a tube when it is fired can be 
transmitted only to the other elements of the 
groupS and cause any conducting tube of the 
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group to be extinguished without affecting the 
tubes of the other groups, after which extin 
guishing action the elements of the non-conduct 
ing tubes of the group recover from the poten 
tial change and are capable of being fired and 
rendered conducting; means to connect the tubes 



2,426,279 
17 

in a ring for Sequential firing in an endless chain 
series in response to impressed impulses; and 
means to impress impulses on the tubes to cause 
their sequential firing; the relation between the 
Segregating circuits and the connections for Se 
quential firing being such that a tube in each 
group is fired before a recurrence of firing in any 
group takes place, thus enabling a maximum 
number of impulses to be impressed on the ring 
While the tubes of any group are recovering from 
an extinguishing action. 

15. In combination, a plurality of gaseous elec 
tron tubes, each tube representing a unit of data, 
and including an anode, a cathode and a control 
grid; a plurality of independent extinguishing 
circuits for connecting the tubes in isolated pairs, 
Said circuits electrostatically coupling the cath 
Odes Of the tubes so that a potential rise of a 
cathode of a tube, as that tube is fired, will be 
impressed on the cathode of the other tube of 
the pair and will cause that tube, which is con 
ducting, to be extinguished, after which the cath 
Ode of the extinguished tube recovers from the 
impressed potential rise and is ready to be fired; 
priming circuits for connecting the tubes in an 
endless operative series for sequential firing in 
response to impressed data-representing im 
pulses, said priming circuits connecting the cath 
ode of one tube with the control grid of the next 
tube in the series, thereby connecting the differ 
ent pairs of tubes so that a tube in each pair 
will be fired before a recurrence of firing takes 
place in any pair; and means to impress data 
representing impulses on the tubes at a fre 
quency to cause a tube in each of the other pairs 
to be fired and rendered conducing while an ex 
tinguished tube in one of the pairs is recovering. 

16. In combination, a plurality of gaseous elec 
tron tubes, each tube representing a unit of data 
and including an anode, a cathode, and a con 
trol grid; a plurality of independent extinguish 
ing circuits for connecting the tubes in isolated 
pairs, said circuits electrostatically coupling the 
cathodes of the tubes so that a potential rise of a 
cathode of a tube, as that tube is fired, will be 
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impressed on the cathode of the other tube of the 
pair and will cause that tube, which is conducting, 
to be extinguished, after which the cathode of the 
extinguished tube recovers from the impressed 
potential rise and is ready to be fired; priming 
circuits for connecting the tubes in an endless 
operative series for sequential firing in response 
to impressed data-representing impulses, said 
priming circuits connecting the cathode of One 
tube with the control grid of the next tube in the 
series, thereby connecting the different pairs of 
tubes so that a tube in each pair will be fired 
before a recurrence of firing takes place in any 
pair; the relation between the extinguishing cir 
cuits and the priming circuits being such that a 
tube, which is fired and becomes conducting 
causes the extinguishing of the other tube of its 
pair and the priming of the non-conducting tube 
of the next pair in the sequence; and means to 
impress data-representing impulses on the tubes 
at a frequency to cause a tube in each of the 
other pairs to be fired and rendered conducting 
while an extinguished tube in one of the pairs 
is recovering. 
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